management, processing materials, porous materials, and also pharmaceutical applications of materials due to its low viscosity (penetration of the matrix as a gas-like), a comparatively high density and dispersion, also near-zero surface tension [7, 8] . Additionally, the advantage of SF such as very high diffusivity in polymer [9] , high in solubility and plasticising action, will promising new latest discovery for microencapsulation technique. Recently, the combination of compressed CO2 and the properties of water -in-oil was attracted researchers to form the particles that can be tuned easily by the pressure and temperature of CO2 [10] . Thus, DELOS or depressurization of an expanded liquid organic solution of compressed CO2 is viewed as a terrific drug carrier into biocompatible polymers, where In this processing, supercritical CO2 is used as a co-solvent in addition to an organic solvent. The overall process summarizing as substances are dissolved in an organic solvent and then the solution is mixed with supercritical CO2 at a given temperature, and pressure with taking into account the time specified in a high-pressure vessel [11] . The CO2 gasses was diffuses rapidly out of the polymer, deplastacising it and warranting the complete removal of solvent, without exposing polymers and drugs to high temperatures, which may degrade them [12, 13] in the depressurization process. In addition, this very effective "smart" method can be substituted the conventional methods that used in industry to prepare the fine powder particles for medicine with significantly improved its performance. Thus, with many benefit of compressed CO2 technique that poses as a feasible alternative, it can be seen as new alternative to produce biological for drug delivery with easy to scale-up process, efficient manufacturing costs, technology platform for a variety of therapeutic areas, better performing drugs, and lower risk of product recalls, reduced wastage and an easier, faster process. In this paper, we used the DELOS process with some modification.
Even though variety types of polymers that used in microencapsulation preparation, cellulose derivatives are among the most frequently used [14] . The nature of ethyl cellulose (EC) which is nonbiodegradable and very biocompatibility polymer, is one of the reasons why it was chosen, and extensively used especially in the pharmaceutical industry for controlled released drug [15] . In addition, EC as a hydrophobic material also chosen for a variety of applications such as sustained release and taste making, microencapsulation, and preparing controlled delivery systems of water-soluble materials [16] .
In the current study, we were report the optimisation of microencapsulation of CHO using response surface methodology (RSM). RSM was widely used in various fields of food chemistry such as optimisation of the extraction of phenolic compounds from wheat [17] , preparation of β-carotene nanoemulsions [18] , and microencapsulation of seed oil [19] . In such situations where multiple variables may influence the output, RSM is an effective technique for exploring the relationships between the independent variables and response and optimizing the process of products [20] . There are many reports [21] about the use of RSM as a powerful statistical and mathematical tool. RSM has a major advantage over the one-factor-a time approach in their interactions on the output variables with reduced number of trials. The effect of three variables such as pressure, temperature, and time towards the particle size and percent yield were investigated and analysed systematically with introducing a quadratic polynomial model to correlate both and at the same time determine the optimal conditions for microencapsulation of CHO.
METHODOLOGY

Materials
Citrus Hystrix L. oil was extracted in Applied Chemistry Laboratory in SIRIM Berhad. Sodium Lauryl Sulphate (SLS) (Texapon OC-N) were purchased from Chemical solution -Malaysia, and Ethyl Acetate and Ethyl cellulose from SIGMA ALDRICH -Malaysia. Carbon dioxide (CO2) was purchased from NIG Gases Sdn. Bhd. (Malaysia) and deionised water (model: Favorit W4L) was used in the preparation of CHO particles.
Preparation of Citrus hystrix Oil-in-water (o/w) Emulsion
Oil-in-water (O/W) emulsions were prepared using Solvent Removal technique with some modification from U.S. Patent No. 7,838,037, B2 [22] . There are two phases to produce O/W emulsion; aqueous phase and organic phase. An aqueous phase was prepared as follows: 0.5 g of sodium lauryl sulphate (SLS) was dissolved in 50 ml of deionised water with 6 ml of ethyl acetate. For organic phase, 0.7 g of CHO and 0.3 g of ethyl cellulose was dissolved in 5 ml ethyl acetate. The resulting organic phase was poured into the aqueous phase, followed by adding 100 ml of deionized water while stirring at high speed.
The O/W emulsion was then loaded into a standard steel vessel. The vessel was then sealed and pressurised. The pressure range of CO2 used in this study was 30-80 bar, with the effect of temperature 40-60˚C, and time 10-60 minutes. The solution and CO2 were released slowly after processing was completed. The precipitated CHO particles were collected, filtered using Whatman filter paper and washed thrice with deionized water. The particles were then dried at room temperature for about 24 hours.
Characterization
Particle Size and Size Distribution
The particle size and size distribution of particles CHO were measured using a laser light diffraction instrument, Zetasizer Nano zs (Malvern instrument, Germany) at measurement position 4.65 mm and temperature 25˚C combined with Malverns DTS software (v.5.02).
Yield %
The prepared microencapsulated particles were collected from precipitation vessel, drained and weighed. The yield % of CHO particles was calculated using the method described below [35] . Eq. (1) Yield% = [weight of microcapsules/ (weight of polymer+ weight of CHO)] X 100%
(1)
Morphology (FESEM Analysis)
The particle size, shape and surface morphology of the microcapsules were examined by Field Emission Scanning Electron Microscope (FESEM) model LEO SUPRA 55VP. A small amount of microencapsulated particles was spread on glass stub. The stub was placed in the scanning electron chamber and coated with gold. The scanning electron photomicrographs were taken at the acceleration voltage 5.00 kV, chamber pressure of 0.01mm Hg and original magnification X 500.
Experimental Design for Response Surface Methodology (RSM)
Response surface methodology (RSM) was applied to investigate the variation of CHO with respect to specified operating parameters. The central composite design (CCD) was design to approach the composition of two variables. CCD is a 2k factorial design with star points and central points. All influence parameters as temperature (T), pressure (P) and resident time (t) of the CO2 with, on the particle size (Y1) and yield (Y2) were selected to synthesize of CHO particles and summarized in Table 1 . However, by run the CCD with two factors, about 20 of experimental runs were given with respective condition as in Table  2 . All of these experiments were carried out in 1000 ml of standard steel cylinder to produce CHO microencapsulated particles. The individual experiments were carried out in random order. A second-order polynomial equation was used to express the particle size (Y1), and the yield% (Y2) of the CHO particles as a function of the independent variables as follows in Eq. (2) Yi = ao + a1X1 + a2X2 + a3X3+ a4X4 + a11X1 2 + a22X2 2 + a33X 2 3 + a12X1X2 + a13X1X3 + a14X1X4 + a23X2X3 + a24X2X4 (2) where Yi represents the response variables, ao is a constant, ai, aii, and aij are the linear, quadratic and interactive coefficients, respectively. By using Eq. (1), the particle size and yield% value of CHO nanoparticles was evaluated. Magnitude of the interaction between the independent variables (factors) and the response was obtained via the ANOVA statistical technique.
The correlation of fit for the polynomial model was expressed using the values from the normal regression (R 2 ) and the adjusted regression (R 2 adj) coefficients.
RESULTS AND DISCUSSION
Statistical Analysis
The outcome interaction between the factors on the particle size and yield % of CHO particles was determined by RSM. Based on the central composite design (CCD), the interaction effect as indicated in the experimental runs can be explained through the analysis of variance (ANOVA) of the model. Furthermore, the most important thing is to check the adequacy of the model using the diagnostic graphs and to validate the model by confirming the optimum experimental conditions. The surface response and contour plots of the fitted polynomial regression generated from Statgraphics Centurion XV was used to visualise the relationships between response and the independent variables.
Model Fitting of Central Composite Design (CCD)
The effects of all factors on the value of particle size and yield % for CHO particles were investigated using the quadratic polynomial model. The experimental data was used to calculate the coefficient of quadratic polynomial equation, which was used to predict values of particle size and yield % of the emulsions ( Table 2 ). The predicted values agreed with the experimental ones obtained from the RSM design. ANOVA showed that the resultant quadratic polynomial models sufficiently represented the experimental data with the coefficients of multiple determination (R2) for the response of particle size and yield % values being 0.8706 and 0.8767 respectively. This indicates that the quadratic polynomials models obtained were adequate to describe the influence of the independent variables studied on the particle size and yield % of the microemulsion. Table 2 Experimental and predicted values of Particle size and yield based on design of experiment ANOVA was used to evaluate the significant coefficients of the quadric polynomial models (Table  3) . For any terms in the models, to indicate a more significant effect on the respective response variables, the F-value shall be large, though P-value shall be small [23] . Therefore, the variable with the largest effect on the particle size of the particles was the linear term of pressure, followed by the linear term of temperature and resident time. The final models was estimated based on the experimental results with the respective coefficients as given in Eq. 
The model equation for the CHO particles preparation was well described within the range of the factors. The F-value of 76.36 and 7.98 for particle size and yield % respectively indicated that model is significant for CHO particles synthesis with an adequate precision of 33.704 for particle size and 10.322 for yield % indicating an adequate signal to noise ratio of which a value greater than 4 is considerable desirable. The p-value of the model is considered to be significant when it falls below 0.0500 with values greater than 0.100 are considered as not significant. The results of the model indicated that all terms A,B and C are significant according to the p-values of 0.0004, 0.0009 and 0.0001(particle size) and 0.0196, 0.0012 and 0.0038 (yield%), respectively, as shown in Table 3 . In addition, the model's lack of fit with F-value of 0.2408 and 0.0585 for particle size and yield% correspondingly, appears to be insignificant relative to the pure error. The correlation coefficients of R2 and R2adj for both particle size and yield %, models were found to be 0.9857 and 0.9727, and 0.8778 and 0.7679 in that order, indicating a good fit between the regression model and the experimental values.
Analysis of Response Surface Plotting and Optimization of CHO Particle
To express the effect of any independent variable on dependent ones, surface response and contour plots of the quadratic polynomial models were created. Thus, Fig. 1 (a) and 1(b) was generated by interaction between CO2 pressure and temperature, Fig. 2 (a) and 2 (b) was between resident time and pressure, though Fig. 3 (a) and 3 (b) showed the interactive between time and temperature for particle size and yield (%) respectively.
For interaction between CO2 pressure and temperature, the value of particle size at the center point (pressure 55 bar, and temperature 50°C) were given smaller particle size with perfect circle shape compared with the result at pressure 80 and 40 bar with temperature 40°C. It is because, when applying the high pressure (80 bar), the particles will tend to burst while at lower pressure (40 bar), the particles were stick and adhere each other as not enough pressure to separate it, that affect bigger size of particles due to the limitation capability of the vessel [24] . In terms of yield (%), the results showed that lowest pressure (30 bar) was gave higher yield (%) compared than higher pressure (80 bar) at the same temperature (60˚C) because at the higher pressure, the liquid inside the vessel will scattered and stick at the wall and trapped at the bottom of the vessel. Thus, the yield collected at the end of the process was not as much abundant as yield for lower pressure and temperature. The result for interaction between resident time and pressure was discussed as follows that showed in Figure 2 (a) and 2 (b). The combination of highest pressure and shortest time (80 bar, 10 minutes) will produced biggest particle size and lowest yield (%).Teresa et all [25] reported that the reaction time has a strongly effect for the morphology and yield (%) of the particles where, when the reaction time increased up to 60min, the particles with high degree of aggregation were formed. The combination of lowest pressure at longest time (pressure 30 bar, 60 minutes) was produce higher yield (%) which is 37.59% and particle size 707.39nm, while the combination of pressure and time at center point (pressure 55 bar and time 10 minutes) was produced lowest particle size which is 539.11nm. Interaction between resident time and temperature also been studied where the result showed highest temperature and longest time (60˚C, 60 minutes) was produced highest yield (%) with smaller particle size (37.59%, 707.39nm) compared than result at 40˚C and 50˚C with 10 minutes resident time, that gave results (816.63nm, 3.19%) and (539.11nm, 10.23%). The expected result is reinforced by Sheryl at el [26] . Figure 3(a) and 3 (b) showed the interaction for both particle size and yield % towards resident time and temperature. 
Optimization and Model Validation
A CCD was applied to develop a correlation process of homogeneous particle growth as a function of the process operating conditions among temperature, pressure and resident time of compressed CO2 in DELOS process. The condition for the preparation of CHO particles were considered optimum condition if the particle size and yield (%) attained the smallest and largest values respectively, according to the standard of ANOVA. Successively, twelve solutions for the optimal conditions were generated by the DOE software and the solution with highest desirability (≈ 1).
Triplicate experiment was done for validation. The results show that the optimum condition for CHO particle encapsulation process can be reached by following process conditions: Pressure (54.14 bar), temperature (59.65 ˚C), and time 58.84 minutes. In order to verify the sufficiency of the model, triplicate experiment have done for CHO particle formation. The parameter was as follow as the suggested optimal condition by the DOE. The result show for the particle size and yield (%) for triplicate experiment was slightly same as the result before optimum which is 549.4 nm, 598.2nm, and 639.4 nm, while yield (%) is 38.19%, 37.24%, and 31.24% respectively.
Characterization of CHO Particles
A good created method in producing CHO particles would not only controlling its size, nevertheless the yield (%) too. to microcapsule manufactured by mix solvent system of oil-in-oil emulsion solvent evaporation by Satit et al. [27] . and CHO microencapsulated particles anti-solvent. The broad peak (3200-3600 cm-1) was appear for CHO, EC and CHO microencapsulated particles that belongs to the OH bond which is strong and broad [28] . The same peak appear both at the CHO and CHO microencapsulated particles which is 1643 cm -1 for Amide C=O stretch strong and 2920 cm -1 that indicate as Alkane C-H stretch strong, that showed the existing of CHO in capsulate particles [29] . The absorption peaks of EC at 1052 cm-1 due to C-O-C stretching appeared at EC and CHO microencapsulate particles that indicate EC was used in the encapsulation process [30] . 
CONCLUSION
From the study, it was concluded that CHO was successfully encapsulated into Ethyl cellulose microencapsulation particles using modification of DELOS process. According to the above result, we have to demonstrate the optimization of microencapsulation condition for CHO by using response surface methodology (RSM) where the particle size and yield (%) of CHO microencapsulation particles is significantly affected by pressure, temperature and time. According to the RSM result, the overall conclusion were highlighted where the particle size increased when pressure, temperature and time decreased, and at the same time, yield (%) increased when pressure decreased, but temperature and time increased. In addition, the approach presented in this study can provide a very useful guideline to the researchers in how to optimize other oil system very efficiently.
